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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ultrasonic transducer having the 
generating capability of short pulse-shaped ultrasonic waves capable of 
improving the distance resolution of various ultrasonic equipment. 
SOLUTION: This ultrasonic transducer is constituted of a piezoelectric ceramic 
board whose piezoelectric (e) constant is inclined and distributed in the thickness 
direction, and a ceramic board whose acoustic impedance is similar to that of the 
piezoelectric ceramic board. In this case, one face of the piezoelectric ceramic 
board is formed with an external electrode film, and the other face of the 
piezoelectric ceramic board is connected through an internal electrode film to the 
ceramic board whose acoustic impedance is similar to that of the piezoelectric 
ceramic board. 
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CLAIMS 
[Claim(s)] 

[Claim 1] It is the ultrasonic transducer to which it is the ultrasonic transducer 
which uses as main components the piezo-electric ceramic plate and this piezo- 
electric ceramic plate in which piezo-electric e constant carried out inclination 
distribution, and the ceramic plate with which the acoustic impedance was similar 
in the thickness direction, the external electrode layer is formed in one field of 
this piezo-electric ceramic plate, and the field of another side is characterized by 
to be joined to the piezo-electric ceramic plate and the ceramic plate with which 
the acoustic impedance was similar through the internal electrode film. 
[Claim 2] The ultrasonic transducer according to claim 1 which is carrying out 
inclination distribution so that it may become the largest at the field side which a 



piezoelectric ceramic plate consists of a ceramic plate which is two in which 
piezo-electric e constant carried out inclination distribution in the thickness 
direction, and has the laminated structure which these two ceramic plates have 
joined through an internal electrode layer, and piezo-electric e constant of these 
two ceramic plates has joined through an internal electrode layer. 
[Claim 3] The ultrasonic transducer according to claim 1 or 2 which is the ceramic 
plate with which the amount of [ of the opposite side of the field which a piezo- 
electric ceramic plate and the ceramic plate with which the acoustic impedance 
was similar join to a piezo-electric ceramic plate through the internal electrode 
film ] edge surface part is porosity. 

[Claim 4] The green sheet which consists of ceramic powder in which 
piezoelectric is shown, the green sheet with which a metal paste becomes one 
side from the ceramic powder in which piezoelectric [ by which printing spreading 
is carried out ] is shown, The green sheet with which a metal paste becomes the 
green sheet and one side which consist of ceramic powder in which piezoelectric 
is not shown from the ceramic powder in which piezoelectric [ by which printing 
spreading is carried out ] is not shown is accumulated suitably. The process of 
the ultrasonic transducer which uses as main components the piezo-electric 
ceramic plate and this piezo-electric ceramic plate in which piezo-electric e 
constant carried out inclination distribution, and the ceramic plate with which the 
acoustic impedance was similar in the thickness direction characterized by being 
stuck by pressure, calcinating and subsequently attaching an external electrode. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ultrasonic transducer using 
high sensitivity electrostrictive ceramics by the high resolution used especially by 
the ultrasonic echo method about the ultrasonic transducer which used 
electrostrictive ceramics. Furthermore, it is related with the ultrasonic transducer 
using the electrostrictive ceramics which raises especially distance resolution. 
[0002] 

[Description of the Prior Art] By medical supersonic-wave devices, such as 
ultrasonic nondestructive inspection devices, such as underwater supersonic- 
wave devices, such as a fish detector and sonar, a supersonic detector, and an 
ultrasonic thickness meter, and an ultrasonic diagnostic equipment, an electrical 
signal is inputted into an ultrasonic transducer, a supersonic wave is generated, 
and the ultrasonic echo method for detecting the reflected wave from the part 
from which the acoustic impedance which is made to spread this supersonic 
wave in an ultrasonic medium, and exists in a medium differed is used widely. 
The acoustic impedance expresses the ease of carrying out of propagation of the 
acoustic wave in a medium here, and it has the value of a proper by the medium 
(matter). Between the media by which acoustic impedances differ, reflection and 
transparency of an acoustic wave take place on the boundary. For example, if 
the acoustic impedance between two media is comparable, an acoustic wave is 
penetrated well and there are very few reflected waves. Conversely, if this 
difference is large, the reflected wave of a transmitted wave will increase very 
much few. The above-mentioned ultrasonic echo method used this. And since 
the distance resolution of the various above-mentioned ultrasonic devices 



improves to the ultrasonic transducer used here so that the time amount wave of 
the supersonic wave to generate is short, it has been required that the time 
amount wave of this supersonic wave should be shortened as much as possible. 
[0003] Conventionally, the time amount wave of the typical structure of an 
ultrasonic transducer and the supersonic wave generated from the transducer is 
shown in reference (29thEM symposium lecture collected works, May 18, Heisei 
12 issue, Daisuke Yamazaki, Yamada **** Nakamura [ Kiryo ] work, 37 pages - 
42 pages). The ceramic plate 8 of this quality of the material by which drawing 9 
R> 9 is drawing showing the structure of the conventional ultrasonic transducer, 
and polarization is not carried out to one side of the piezo-electric ceramic plate 7 
by which polarization was carried out in the thickness direction in which the 
metal-electrode film (electrode) 6 was formed to both sides (It is hereafter called 
the ceramic plate in which piezoelectric is not shown) is stuck using adhesives 
(adhesives layer 10) through an electrode layer, and the packing material 9 
which consists of mixture of Araldite and tungsten powder is further formed 
behind that. 

[0004] When the transducer to which piezo-electric e constant used the piezo- 
electric ceramic plate distributed uniformly for drawing 10 about the thickness 
direction as a piezo-electric ceramic plate of the above-mentioned transducer is 
driven by the electrical-potential-difference pulse, the time amount wave of the 
ultrasonic pulse emitted outside from the front face of a piezo-electric ceramic 
plate is shown. The emitted supersonic wave forms not a single pulse but the 
long pulse train, and the time amount wave is long. 

[0005] Moreover, when the transducer which used the piezo-electric ceramic 
plate (henceforth an inclination piezo-electricity ceramic plate) in which piezo- 
electric e constant carried out inclination distribution about the thickness direction 
as a piezo-electric ceramic plate for drawing 1 1 is driven by the electrical- 
potential-difference pulse, the time amount wave of the ultrasonic pulse emitted 
outside from the front face of an inclination piezo-electricity ceramic plate is 
shown. A time amount wave is long like the above-mentioned transducer which 



used the piezoelectric ceramic plate with which change was not accepted in the 
width of face on the time-axis of a pulse train although the consistency of an 
ultrasonic pulse became low about this as compared with previous drawing 10 , 
but piezo-electric e constant was uniformly distributed about the thickness 
direction. 
[0006] 

[Problem(s) to be Solved by the Invention] The ceramic plate in which the piezo- 
electric ceramic plate which constitutes a transducer, and piezoelectric are not 
shown is joined using adhesives, and since the packing material is formed 
behind [ which does not show piezoelectric ] the ceramic plate, the trouble that 
the time amount wave of the above-mentioned conventional technique is long is 
produced. That is, since acoustic impedances differ with a ceramic plate and 
adhesives, while the supersonic wave generated with the piezo-electric ceramic 
plate is reflected repeatedly on these boundaries (henceforth a multiple echo), it 
will emanate outside, and the time amount wave of a supersonic wave cannot be 
shortened. Thus, since acoustic impedances differ greatly with adhesives and 
these ceramic plate with the conventional configuration which stuck these 
configuration member with adhesives, solution of this problem is fundamentally 
difficult. Although it can also regard making thickness of an adhesives layer very 
thin and measuring a problem solving as possible with it being theoretical, it is 
difficult to maintain practical bond strength to use of an ultrasonic transducer. 
[0007] This invention offers the ultrasonic transducer using the high 
electrostrictive ceramics of practicality which canceled the above acoustical 
discontinuity. Since the supersonic wave of the long pulse which the ultrasonic 
transducer of this invention originates in a reflected wave, generates it, and is 
emitted outside does not occur in detail, -izing of the ultrasonic pulse emitted 
outside can be carried out [ a short pulse ], and the ultrasonic transducer which 
can improve the distance resolution of the various ultrasonic devices using an 
ultrasonic echo method is offered. 
[0008] 



[Means for Solving the Problem] This invention is an ultrasonic transducer which 
uses as main components the piezo-electric ceramic plate and this piezo-electric 
ceramic plate in which piezo-electric e constant carried out inclination distribution, 
and the ceramic plate with which the acoustic impedance was similar in the 
thickness direction, the external electrode layer is formed in one field of this 
piezo-electric ceramic plate, and the field of another side makes a summary the 
ultrasonic transducer characterized by being joined to the piezo-electric ceramic 
plate and the ceramic plate with which the acoustic impedance was similar 
through the internal electrode film -- this invention again In said invention, a 
piezo-electric ceramic plate consists of a ceramic plate which is two in which 
piezo-electric e constant carried out inclination distribution in the thickness 
direction. Let the ultrasonic transducer which is carrying out inclination 
distribution so that it may become the largest at the field side which has the 
laminated structure which these two ceramic plates have joined through the 
internal electrode film, and piezo-electric e constant of these two ceramic plates 
has joined through the internal electrode film be a summary. 
[0009] In said invention, moreover, a piezo-electric ceramic plate and the ceramic 
plate with which the acoustic impedance was similar this invention the amount of 
[ of the opposite side of the field joined to a piezo-electric ceramic plate through 
the internal electrode film ] edge surface part should let the ultrasonic transducer 
which is a ceramic plate used as porosity be a summary -- further this invention 
The green sheet which consists of ceramic powder in which piezoelectric is 
shown, the green sheet with which a metal paste becomes one side from the 
ceramic powder in which piezoelectric [ by which printing spreading is carried 
out ] is shown, The green sheet with which a metal paste becomes the green 
sheet and one side which consist of ceramic powder in which piezoelectric is not 
shown from the ceramic powder in which piezoelectric [ by which printing 
spreading is carried out ] is not shown is accumulated suitably. It sticks by 
pressure and calcinates. Subsequently, let the process of the ultrasonic 
transducer which uses as main components the piezo-electric ceramic plate and 



this piezoelectric ceramic plate in which piezo-electric e constant carried out 
inclination distribution, and the ceramic plate with which the acoustic impedance 
was similar in the thickness direction characterized by attaching an external 
electrode be a summary. 
[0010] 

[Embodiment of the Invention] The ultrasonic transducer of this invention is 
explained concretely below. 

(Gestalt of the 1st operation) Drawing 1 is the sectional side elevation showing 
the structure of the ultrasonic transducer using the electrostrictive ceramics 
which is the gestalt of operation of the 1st of this invention. One is the piezo- 
electric ceramic plate (inclination piezo-electricity ceramic plate) in which piezo- 
electric e constant carried out inclination distribution in the thickness direction as 
shown in the graph of drawing 2 all over drawing. In addition, inclination 
distribution of piezo-electric e constant may be right going down contrary to the 
graph of drawing 2 . 2 is the ceramic plate with which 1 and an acoustic 
impedance were similar. And 1 and 2 are joined without using adhesives for 
extent which does not reflect a supersonic wave through the thin electrode layer 
(internal electrode) 3, and for this reason, both are joined that an acoustic 
impedance does not have mismatching. 4 is the metal-electrode film (external 
electrode) formed in the front face of the inclination piezo-electricity ceramic plate 
1 , and 5 is the electrode lead and terminal which were taken out from now on. 
Moreover, 5' is the electrode lead and terminal which were taken out from 3. 
[001 1] Here, as for this ceramic plate 2, it is desirable that the amount of [ of the 
opposite side of a plane of composition with an internal electrode 3 ] edge 
surface part has a vesicular structure. Moreover, although it is not necessary to 
attach a packing material to the opposite side of a plane of composition with the 
internal electrode 3 of the ceramic plate 2 in this invention, this may be used on 
the occasion of manufacture of a transducer. The manufacture approach of the 
transducer of this invention carries out the laminating of the green sheet of the 
ceramics which carried out printing spreading of the metal paste to the green 



sheet and this green sheet of the ceramics used for manufacture of a stacked 
type ceramic condenser etc., sticks it to them by pressure, and can manufacture 
it by the approach of calcinating this. It is manufactured through the making 
process of ceramic powder, the process which produces a green sheet from 
these ceramic powder, the process which prints a metal paste on the front face of 
a desired green sheet, the process which carry out laminating sticking by 
pressure and make these green sheets a layered product so that it may become 
the transducer which has predetermined structure, the process which sinter the 
layered product of the obtained green sheet, the process which form an external 
electrode in a piezo-electric ceramic plate, the process which polarize a piezo- 
electric ceramic plate. In addition, the inclination piezo-electricity ceramic plate 1 
is obtained by calcinating a layered product with the green sheet which consists 
of ceramic powder of a presentation in which the green sheet which consists of 
ceramic powder of a presentation in which piezoelectric is shown, and 
piezoelectric are not shown. At this time, the component of each ceramic comes 
to change counter diffusion in the thickness direction in the boundary section 
continuously [ a lifting and piezo-electric e constant from which the presentation 
changed continuously by this ]. The ceramic plate 2 with which the acoustic 
impedance was similar is obtained by calcinating the layered product of the 
green sheet which consists of ceramic powder of a presentation in which 
piezoelectric [ above ] is shown, for example, the green sheet which consists of 
ceramic powder of a presentation in which piezoelectric is not shown, or the 
green sheet which consists of ceramic powder of a presentation similar to these. 
What is necessary is just to use the green sheet which has many through tubes 
for the location of arbitration as a green sheet of the part which should be made 
porosity among the green sheets which form the ceramic plate 2 for making a 
part of this ceramic plate 2 into porosity. The thing in which a resin bead which 
produces a cavity after calcinating in a ceramic green sheet to others was made 
to mix may be used. 

[0012] Next, the manufacture approach of the transducer which has the structure 



of the 1st gestalt using drawing 3 is described concretely. 1 1 is the green sheet 
of the ceramic powder in which piezoelectric is shown all over drawing, and 12 is 
the green sheet of the ceramic powder in which piezoelectric is not shown. 
Moreover, on the same green sheet 13 as 12, printing spreading of the metal 
paste 15 is carried out. Since a supersonic wave will be reflected with this 
electrode surface at this time if the electrode thickness after baking is too thick, 
printing spreading is carried out so that it may become the thickness of extent 
which does not reflect a supersonic wave. 14 is the green sheet which prepared 
many small through tubes in the green sheet of 12. These green sheets are 
accumulated like illustration and stuck by pressure. And this layered product is 
calcinated and the transducer which has the structure of the 1st gestalt by 
printing-applying for example, a metal paste to the end face of the piezo-electric 
ceramic plate obtained by baking, calcinating it to it, and subsequently forming an 
external electrode in it is obtained. 

[0013] In addition, although an external electrode can be formed by the approach 
of the outside versatility, it can also calcinate and form a metal paste at baking 
and coincidence of a layered product using the sheet which carried out printing 
spreading on the green sheet of the ceramic powder in which piezoelectric is 
shown beforehand. Thus, in the obtained transducer which has the structure of 
the gestalt of the 1st operation, the direct-current high voltage is impressed 
between an electrode terminal 5 and 5', and a piezo-electric ceramic plate is 
polarized. The direction of Polarization P may be a direction contrary to this also 
in the direction of illustration. A supersonic wave impresses an electrical- 
potential-difference pulse between an electrode terminal 5 and 5', and is 
generated. Although a supersonic wave is emitted towards both directions from 
the big whole surface of the piezoelectric constant of an inclination electrical- 
potential-difference ceramic plate at this time, incidence of the supersonic wave 
emitted towards the interior of a transducer is carried out to the ceramic plate 
with which this was passed and the acoustic impedance was similar, without 
being reflected with an internal electrode, and it advances toward the end face of 



the opposite side. And since this supersonic wave winds scattered reflection, **** 
and declines and is extinguished in the hole of a large number which exist in a 
part for the edge surface part in a ceramic plate, it is not emitted from the front 
face of a transducer. Consequently, if this ultrasonic transducer is used, the 
supersonic wave of a short pulse without the multiple echo of the supersonic 
wave in the boundary of both sides of a piezo-electric ceramic plate, a piezo- 
electric ceramic plate, and the ceramic plate with which the acoustic impedance 
was similar can be acquired. 

[0014] The example of a prototype and ultrasonic characteristics of the 
transducer which is the gestalt of example 1 the 1st operation are described. 
Respectively, in the ingredient in which piezoelectric is shown, it is 0.7Pb(nickel1 
/ 3 Nb 2/3) 03 and 0.3Pb(Zr0.7 Ti0.3) 03 0.5 Pbs (nickel! / 3 Nb 2/3) to 03 and 
the ingredient in which 03 and piezoelectric are not shown 0.5 Pb (Zr0.7 Ti0.3). 
The ceramic powder which consists of a presentation was used. Measuring 
mixing of the acrylic resin 5 weight section and the organic solvent 20 weight 
section mainly concerned with the terpineol was carried out to the these ceramic 
powder 100 weight section, and the ceramic slurry was obtained, and it dried 
after casting this on a PET film, and considered as the ceramic green sheet. The 
platinum paste which turns into a metal paste for internal electrode ingredients 
from the organic solvent mainly concerned with platinum powder, cellulose 
system resin, and a terpineol was used, and printing spreading was carried out 
on the ceramic green sheet which it does not show piezoelectric that the 
electrode thickness after baking is set to 5 micrometers. As shown in drawing 3 , 
after carrying out laminating sticking by pressure of these green sheets, at the 
temperature of 1 100 degrees C, it applied for 2 hours, and calcinated, and the 
baking object was acquired. This baking object was processed into thickness 
11+12 =8mm, and the cross section was processed into the about 
[ wxw=15mmx15mm ] dimension. The thickness of the ceramic plate which the 
thickness of an inclination piezo-electricity ceramic plate does not show 11 =1mm 
and piezoelectric here is 12 =7mm. The inner porosity ceramic part occupies the 



thickness of about 2mm. 

[0015] As shown in drawing 1 after an appropriate time, the silver paste which 
consists of an organic solvent which uses glass powder, cellulose system resin, 
and a terpineol as a principal component was applied to the front face of the 
inclination piezo-electricity ceramic plate 1 as an external electrode 4 in the end 
of silver dust, and at the temperature of 650 degrees C, it held for 10 minutes 
and was able to be burned. And the direct current voltage of 2kV was impressed 
for 10 minutes between the electrode lead terminal 5 and 5', and the inclination 
piezo-electricity ceramic plate was polarized. Impress the letter electrical- 
potential-difference pulse of a spike of 20V, it was made to generate between the 
electrode lead terminal 5 and 5', and the supersonic wave emitted this 
underwater. And the supersonic wave emitted underwater was detected by the 
hydrophone. 

[0016] The measurement result of a time amount wave of the supersonic wave 
underwater emitted from this transducer is shown in the graph of drawing 4 . An 
axis of ordinate is the output voltage of a hydrophone, and this is an amount 
proportional to the amplitude of a supersonic wave. If it compares with drawing 
10 and 1 1, as for a supersonic wave, it is clear that the short pulse is formed. 
(Gestalt of the 2nd operation) Drawing 5 is drawing showing the side cross 
section of the structure of the ultrasonic transducer using the piezo-electric 
ceramic plate which is the gestalt of operation of the 2nd of this invention. Except 
a piezo-electric ceramic plate, since it is the same, a piezo-electric ceramic plate 
is explained to be especially the ultrasonic transducer that is the gestalt of the 1st 
operation here. 1 and 1' is an inclination piezo-electricity ceramic plate all over 
drawing, and both are joined through internal electrode 3' which consisted of 
electrode layers of a thin metal. And in 1 and 1', as the inclination of piezo- 
electric e constant shows drawing 6 , it inclines symmetrically to internal 
electrode 3'. Moreover, the sense of Polarization P is the same at 1 and 1\ 
[001 7] The manufacture approach of the transducer of the gestalt the 2nd 
operation can carry out laminating sticking by pressure of the green sheet of the 



ceramics which carried out printing spreading of the metal paste like the 
manufacture approach of the transducer of the gestalt the 1 st operation at the 
green sheet and this green sheet of the ceramics used for manufacture of a 
stacked type ceramic condenser etc., can obtain a layered product, can calcinate 
this, and can manufacture it by the approach of subsequently preparing an 
external electrode. 

[0018] The concrete manufacture approach is explained according to drawing 7 . 
It is fundamentally the same as the manufacture approach of the transducer of 
the 1st gestalt as mentioned above. It is inserting too much on the green sheet 
13 in which piezoelectric [which carried out printing spreading of the metal paste 
for the green sheet 12 of the ceramics in which the green sheet 16 of the 
ceramics which shows piezoelectric / which carried out printing spreading of the 
metal paste 15 / to a top face, and piezoelectric are not shown on the top face ] is 
not shown, if only a different point is described, and that the 1st layer of the 
upper part of a layered product and the 2nd layer were changed. It is not different 
from the manufacturing method of the transducer of the 1st gestalt at all other 
than it. 

[0019] In the transducer of the 2nd gestalt, from internal electrode 3', a common 
electrode lead and a common terminal 5 are picked out from an internal 
electrode 3 and the external electrode 4, electrode lead terminal 5' is taken out, 
an electrical-potential-difference pulse is impressed between an electrode 
terminal 5 and 5', and a supersonic wave is generated. In the transducer of the 
2nd gestalt, a supersonic wave is bidirectionally emitted from an interface with 1 
and 1\ The supersonic waves which go to the interior of a transducer are 
scattered about inside the ceramic plate with which the acoustic impedance was 
similar like the case of the transducer of the 1st gestalt, are decreased and are 
extinguished. With this, the supersonic wave which goes to an opposite direction 
is emitted towards the exterior from the front face of a transducer. Although some 
supersonic waves in this will be reflected on a front face and it will go to the 
interior at this time, after they goes into the ceramic plate with which the acoustic 



impedance was similar from the beginning like the supersonic wave which went 
to the interior, these is scattered about, is decreased and disappears. Therefore, 
the supersonic wave acquired like the transducer of the 1st gestalt also about the 
transducer of this gestalt serves as a short pulse. 

[0020] Another description of the transducer of the 2nd gestalt is that sensibility is 
high as compared with the transducer of the 1st gestalt. The term of the following 
examples 2 describes this affair. 

The example of a prototype and ultrasonic characteristics of the transducer of the 
example 2 2nd gestalt are described. This transducer was also manufactured 
using the completely same technique as the approach shown in the example 1 , 
and ultrasonic characteristics were measured. 

[0021] Respectively, in the ingredient in which piezoelectric is shown, it is 
0.7Pb(nickel1 / 3 Nb 2/3) 03 and 0.3Pb(Zr0.7 Ti0.3) 03 0.5 Pbs (nickel! / 3 Nb 
2/3) to 03 and the ingredient in which 03 and piezoelectric are not shown 0.5 Pb 
(Zr0.7 Ti0.3). The ceramic powder which consists of a presentation was used. 
Measuring mixing of the acrylic resin 5 weight section and the organic solvent 20 
weight section mainly concerned with the terpineol was carried out to the these 
ceramic powder 100 weight section, and the ceramic slurry was obtained, and it 
dried after casting this on a PET film, and considered as the ceramic green sheet. 
The platinum paste which turns into a metal paste for internal electrode 
ingredients from the organic solvent mainly concerned with platinum powder, 
cellulose system resin, and a terpineol was used, and printing spreading was 
carried out on the ceramic green sheet which it does not show piezoelectric that 
the electrode thickness after baking is set to 5 micrometers. As shown in drawing 
7 , after carrying out laminating sticking by pressure of these green sheets, at the 
temperature of 1 100 degrees C, it applied for 2 hours, and calcinated, and the 
baking object was acquired. 

[0022] The thickness of the ceramic plate which, as for the dimension of each 
part, the thickness of 11 =0.5mm and inclination piezo-electricity ceramic plate I' 
does not show [ the thickness of the inclination piezo-electricity ceramic plate 1 ] 



11 -0.5mm and piezoelectric is 12 =7mm. The inner porosity ceramic section 
occupies the thickness of about 2mm. Moreover, the cross section processed the 
about [ wxw=15mmx15mm ] dimension. As shown in drawing 5 after an 
appropriate time, the silver paste which consists of an organic solvent which uses 
glass powder, cellulose system resin, and a terpineol as a principal component 
was applied to the front face of the inclination piezo-electricity ceramic plate 1 as 
an external electrode 4 in the end of silver dust, and at the temperature of 650 
degrees C, it held for 10 minutes and was able to be burned. And the direct 
current voltage of 2kV was impressed for 10 minutes between the electrode lead 
terminal 5 and 5', and the inclination piezo-electricity ceramic plate was polarized. 
Impress the letter electrical-potential-difference pulse of a spike of 20V, it was 
made to generate between the electrode lead terminal 5 and 5', and the 
supersonic wave emitted this underwater. And the supersonic wave emitted 
underwater was detected by the hydrophone. 

[0023] Drawing 8 shows the time amount wave of the supersonic wave 
underwater emitted from this transducer. Although it is common that the short 
pulse is formed as compared with the wave of an example 1 , in addition to it, it is 
clear that the amplitude of an ultrasonic pulse is large about about 4 times. Thus, 
in the transducer of the 2nd gestalt, it turns out that it has a transducer about 4 
times the sensibility of the 1 st gestalt. 
[0024] 

[Effect of the Invention] As mentioned above, the ultrasonic transducer using the 
electrostrictive ceramics of this invention can form the ultrasonic pulse to 
generate into a short pulse, and can improve the distance resolution of the 
various ultrasonic devices using an ultrasonic echo method. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the sectional side elevation of the ultrasonic transducer of the 
gestalt of operation of the 1st of this invention. 

[Drawing 2] It is the graph which shows the change to the thickness direction of 
piezo-electric e constant of an inclination piezo-electricity ceramic plate. 
[Drawing 3] It is the explanatory view having shown the manufacture approach by 
the green sheet of the ultrasonic transducer of the gestalt of the 1st operation. 
[Drawing 4] It is a graph showing the time amount wave of the supersonic wave 
emitted from the ultrasonic transducer of the gestalt of the 1st operation. 
[Drawing 5] It is the sectional side elevation of the ultrasonic transducer of the 
gestalt of operation of the 2nd of this invention. 

[Drawing 6] It is the graph which shows the change to the thickness direction of 
piezo-electric e constant of the inclination piezo-electricity ceramic plate of the 
gestalt of the 2nd operation. 

[Drawing 7] It is the explanatory view having shown the manufacture approach by 
the green sheet of the ultrasonic transducer of the gestalt of the 2nd operation. 
[Drawing 8] It is a graph showing the time amount wave of the supersonic wave 
emitted from the ultrasonic transducer of the gestalt of the 2nd operation. 
[Drawing 9] It is the sectional side elevation showing an example of the structure 
of the conventional ultrasonic transducer. 

[Drawing 10] It is a graph showing the time amount wave of the supersonic wave 



emitted from the ultrasonic transducer which shows the structure of drawing 9 
which used the piezo-electric ceramic plate with piezo-electric uniform e constant. 
[Drawing 11] Piezo-electric e constant is a graph showing the time amount wave 
of the supersonic wave emitted from the ultrasonic transducer which shows the 
structure of drawing 9 which used the piezo-electric ceramic plate which carried 
out inclination distribution. 
[Description of Notations] 

11, 11 ' Thickness of the inclination piezo-electricity ceramic plate after baking 
12 Thickness of the inclination piezo-electricity ceramic plate after baking, and the 
ceramic plate with which the acoustic impedance was similar 
w Width of face of the ultrasonic transducer after baking 
p The direction of polarization 

1 1' Inclination piezo-electricity ceramic plate 

2 Inclination Piezo-electricity Ceramic Plate and Ceramic Plate with which 
Acoustic Impedance was Similar 

3 3' Internal electrode 

4 External Electrode 

5 5' Electrode lead terminal 

6 Electrode 

7 Piezo-electric Ceramic Plate by Which Polarization was Carried Out in the 
Thickness Direction 

8 Ceramic Plate in which Piezoelectric is not Shown 

9 Packing Material 

10 Adhesives Layer 

1 1 Green Sheet of Ceramics in which Piezoelectric is Shown 

12 Green Sheet of Ceramics in which Piezoelectric is not Shown 

13 Green Sheet of Ceramics in which Piezoelectric [ Which Printed Metal Paste ] 
is not Shown 

14 Green Sheet of Ceramics in which Piezoelectric [ Which Prepared Many 
through Tubes ] is not Shown 



15 Metal Paste Printed on Green Sheet of Ceramics 

16 Green Sheet of Ceramics in which Piezoelectric [ Which Printed Metal Paste ] 
is Shown 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 
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